Due to issues of definition and measurement, the heavy emphasis on subjective craving in the measurement of acute motivation for alcohol and other drugs remains controversial. Behavioral economic approaches have increasingly been applied to better understand acute drug motivation, particularly using demand curve modeling via purchase tasks to characterize the perceived reinforcing value of the drug. This approach has focused on using putatively more objective indices of motivation, such as units of consumption, monetary expenditure, and price sensitivity. To extend this line of research, the current study used an alcohol purchase task to determine if, compared to a neutral induction, a personalized stress induction would increase alcohol demand in a sample of heavy drinkers. The stress induction significantly increased multiple measures of the reinforcing value of alcohol to the individual, including consumption at zero price (intensity), the maximum total amount of money spent on alcohol (O max ), the first price where consumption was reduced to zero (breakpoint), and the general responsiveness of consumption to increases in price (elasticity). These measures correlated only modestly with craving and mood. Selfreported income was largely unrelated to demand but moderated the influence of stress on O max . Moderation based on CRH-BP genotype (rs10055255) was present for O max , with T allele homozygotes exhibiting more pronounced increases in response to stress. These results provide further support for a behavioral economic approach to measuring acute drug motivation. The findings also highlight the potential relevance of income and genetic factors in understanding state effects on the perceived reinforcing value of alcohol.
The role of craving in addiction has been studied scientifically for more than 50 years (Tiffany & Wray, 2012; World Health Organization, 1954) . However, the significance of craving in maintaining addictive behavior and leading to posttreatment relapse remains controversial, in part because of conflicting empirical findings (e.g., Niaura et al., 1999; Perkins, 2009; Tiffany & Carter, 1998; Wray, Gass, & Tiffany, 2013) . One major reason for this may be the inherent difficulties in the measurement of craving (Sayette et al., 2000) . For example, many studies rely on single-item self-report measures, which provide only a narrow definition of the phenomenon, and participants may vary considerably in their interpretation of the term "craving." Furthermore, craving reports are often made retrospectively and experiential states may not be as robustly encoded in memory compared to episodic events (Sayette et al., 2000) . One further issue is that craving is inherently subjective in nature, meaning that it is subject to the general challenges to introspection (Wilson & Dunn, 2004) .
A possible strategy to address these issues is the use of behavioral economics to quantify aspects of an individual's motivation to use a drug. Behavioral economics is a hybrid field that applies principles of psychology and economics to study values, preferences, and decision making. From a behavioral economic perspective, craving is only one facet of acute drug motivation (i.e., an individual's state-level drive for the drug that is multidimensional in nature); another critical facet is the reinforcing value of the drug to an organism (MacKillop et al., 2012) , defined as the amount of work an organism will engage in to obtain a given reinforcer. More specifically, this approach proposes that dynamic increases in motivation reflect acute increases in the reinforcing value of the drug to the organism (Loewenstein, 1999; MacKillop et al., 2010) . Reinforcing value for a drug is often measured using purchase tasks in which participants are offered the opportunity to purchase their drug of choice at various prices. The results of this task are translated into a demand curve and several resulting indices of demand are generated. Demand indicates the reinforcing value of a drug to an individual, using monetary terms as the operant response cost. Demand curve analysis is considered to be the most comprehensive means currently available of studying reinforcing value (Hursh, Galuska, Winger, & Woods, 2005) .
Although this is a recent line of research, the empirical studies to date are generally supportive. For example, the perceived reinforcing value of alcohol has been shown to increase in the presence of alcohol cues (MacKillop et al., 2010) . Similar patterns have also been observed in studies on dynamic changes in motivation for tobacco Hitsman et al., 2008; MacKillop et al., 2012) . Furthermore, laboratory studies that include both measures of craving and indices of demand have revealed significant correlations between the two (e.g., MacKillop, Menges, McGeary, & Lisman, 2007; MacKillop et al., 2010; McKee, O'Malley, Shi, Mase, & Krishnan-Sarin, 2008; O'Malley, Krishnan-Sarin, Farren, Sinha, & Kreek, 2002) . However, craving is still only modestly-to-moderately associated with demand MacKillop et al., 2010 MacKillop et al., , 2012 . Thus, demand appears to provide unique information about an individual's acute drug motivation. From a theoretical perspective, reinforcing value is putatively critical in an individual's deciding whether or not to drink and is more proximal to consumption than craving, although this this has not been tested empirically.
Current neurobiological theories of addiction emphasize disruption of the stress pathways in the brain as an essential component of addiction (Koob & Kreek, 2007; Sinha, 2012) . Stress has frequently been linked to severity of drug addiction and posttreatment relapse (Sinha, 2001) . Furthermore, numerous studies have been conducted linking stress and relapse in alcoholics (e.g., Brown, Vik, Patterson, Grant, & Schuckit, 1995; Levy, 2008; Vuchinich & Tucker, 1996) . However, most of these studies are correlational or qualitative in nature. It has been significantly more difficult to demonstrate a causal relationship of stress on alcohol relapse (Thomas, Bacon, Randall, Brady, & See, 2011; Thomas, Randall, Brady, See, & Drobes, 2011) . This is partially due to ethical concerns, which preclude experimentally testing this hypothesis in clinical populations directly. As a result, most research in this area has focused on laboratory studies of analogue populations, such as social drinkers or non-treatment-seeking heavy drinkers. There are multiple methods that have been used to induce stress, including the Trier Social Stress Task and guided imagery inductions. Each of these methods has its own strengths and weaknesses (Thomas, Bacon, Sinha, Uhart, & Adinoff, 2012) and the results of well-controlled studies examining stress-induced alcohol craving have been mixed, with some finding stress increases craving (e.g., Coffey, Stasiewicz, Hughes, & Brimo, 2006; Cooney, Litt, Morse, Bauer, & Gaupp, 1997; Fox, Bergquist, Hong, & Sinha, 2007; George et al., 2008; Sinha, 2009; Thomas, Bacon, et al., 2011) but others not finding that to be the case (e.g., Brady et al., 2006; Jansma, Breteler, Schippers, De Jong, & Van Der Staak, 2000; Pratt & Davidson, 2009; Rubonis et al., 1994; . Given these mixed findings, behavioral economic measures of demand may clarify the ambiguity that exists regarding the role of stress on motivation to use alcohol. The primary aim of the current study was to use a behavioral economic approach to examine the effects of an imaginal stress-imagery mood induction on alcohol demand. The study is a secondary analysis from a parent study on the role of stress in subjective craving for alcohol (Ray, 2011) . Within the parent study, a well-validated procedure comprising a stressful and neutral imaginal induction (Sinha, 2007 (Sinha, , 2008 was used to elicit an acute increase in stress and a state-oriented alcohol purchase task (APT) was completed as an exploratory assessment following each induction, permitting alcohol demand curve analysis at each time point. Demand curves and indices of demand were compared between induction conditions to test the prediction that the stress induction would significantly increase alcohol demand. Analyses were also completed to evaluate the relationship between demand, craving, and self-reported mood. It was hypothesized that the alcohol demand indices would be only moderately correlated with craving and self-reported mood, suggesting they are not simply redundant with traditional measures. The study also explored two potential moderating variables. First, the relationship between income and stress effects on alcohol demand was investigated, as it is possible that a person's demand preferences could be affected by proximal financial resources. Second, we investigated the effects of a genetic moderator, a single nucleotide polymorphism (SNP) in the corticotropin releasing factor-binding protein gene (CRH-BP; rs10055255). Substantial genetic influences on addiction are well-established (Goldman, Oroszi, & Ducci, 2005) and there is considerable interest in using laboratory studies to probe the mechanisms of genetic influences on alcohol-related motivation (Ray & Hutchison, 2004) , including behavioral economic variables in particular . In this case, the CRH-BP gene has been shown to modulate the effects of stressinduced relapse in preclinical models (Wang et al., 2005; Wang, You, Rice, & Wise, 2007) and rs10055255 was found to moderate the effects of stress on craving in the parent study (Ray, 2011) . Therefore, we investigated whether this locus would have a similar moderating effect on behavioral economic indices.
Method Participants
Participants were non-treatment-seeking heavy drinkers. All participants were between 18 and 65 and had scores of 8 or higher on the Alcohol Use Disorder Identification Test (AUDIT; Allen, Litten, Fertig, & Babor, 1997) . Participants who were currently seeking or had recently (last 30 days) sought treatment for alcohol problems were excluded. Exclusion criteria also included lifetime diagnosis with any psychotic or bipolar disorder and current weekly (or greater) use of any psychoactive drug, other than marijuana.
A total of 64 participants enrolled, though 2 were subsequently excluded for data quality reasons (see Data Analysis). Of the valid participants, 23 were female (36%). The average age was 20.76 (SD ¼ 2.55). Forty-six participants were Caucasian, eleven were Asian, four were Latino, and one was African-American. Self-reported, household income was recorded in the following categories: Under $9,999/year (n ¼ 35), $10,000-$19,999/year (n ¼ 9), $20,000-29,999/year (n ¼ 1), $30,000-39,999/year (n ¼ 1), $40,000-49,999/year (n ¼ 4), $50,000-59,999/year (n ¼ 3), $60,000 and over/year (n ¼ 9). Participants' average AUDIT score was 15.88 (SD ¼ 6.08).
Measures
Alcohol purchase task. Alcohol demand was assessed using a state-oriented alcohol purchase task (APT) that has been demonstrated to be effective at measuring alcohol demand in previous studies (MacKillop et al., 2010; Murphy & MacKillop, 2006 ). The alcohol purchase task was administered in pencil and paper format and the instructions read: "Please respond to these questions honestly. Imagine that you could drink RIGHT NOW. The following questions ask how many drinks you would consume if they cost various amounts of money. The available drinks are standard size domestic beer (12 oz.), wine (5 oz.), shots of hard liquor (1.5 oz.), or mixed drinks containing one shot of liquor. Assume that you would consume every drink you request; that is, you cannot stockpile drinks for a later date or bring drinks home with you." Participants then reported their estimated consumption at the following 16 price intervals: free, 1¢, 5¢, 13¢, 25¢, 50¢, $1, $3, $6, $11, $35, $70, $140, $280, $560 and $1120. These prices were based on the doubling response requirement of a progressive-ratio operant schedule and were originally developed to investigate tobacco and opiate demand (Jacobs & Bickel, 1999) .
Alcohol Urge Questionnaire. The Alcohol Urge Questionnaire (AUQ) is an eight-question scale for assessing state-based craving for alcohol. The AUQ has been shown to be sensitive to state-based changes in craving and effective for repeated administrations over a short duration (Bohn, Krahn, & Staehler, 1995; Drummond & Phillips, 2002; MacKillop, 2006) .
Profile of Mood States. The Profile of Mood States (POMS; McNair, Lorr, & Droppleman, 1971) is an assessment of current mood state commonly used in human laboratory studies of addiction (e.g., Ray, MacKillop, Leventhal, & Hutchison, 2009) . Participants completed only 40 items from the original POMS and only the Tension and Negative Mood subscales were analyzed to characterize the effects of the stress induction on subjective mood. Each subscale contains 10 items rated 0 to 5 on a Likert scale.
Procedures
Participants were recruited from the Los Angeles, California area using local media. Participants were initially screened by telephone for eligibility and if eligible were scheduled for two in-person laboratory sessions. After arriving to the first session, participants were given further details of the study and provided written informed consent. All procedures were approved by the Human Research Committee at the University of California, Los Angeles. Subsequently, participants completed demographic and other individual difference assessments and completed training for the imaginal exposures that would be used in the second laboratory session, scheduled for a later date. Participants also provided information about recent stressful and neutral life events that would be used to generate scripts for use in the imaginal exposures. Stressful events were assessed on a Likert scale of 0 to 10, with 10 being the most stressful, and only events greater than 8 were used.
Between the first and second sessions, personalized scripts were written and tape recorded that recounted the participant's reported stressful and neutral events. At the second visit, participants completed two imaginal exposures (stress and neutral), each of which was followed by an exposure to an alcohol cue. Each imaginal exposure consisted of participants listening to a 5-min audio recording recounting the event described at the previous session. Recordings included details of both the events themselves and the feelings associated with them, as described by the participants. The order of the stress exposures was counterbalanced and each set of exposures was separated by a 1-hr break to avoid carryover effects. Mood, alcohol craving, and alcohol purchase tasks were completed following stress and neutral exposures. For more details, see Ray (2011) .
Data Analysis
The data were initially examined for missing data, outliers, performance validity, and distributions. Among all participants, nine data points were missing on the APT. Missing values occurred entirely within the first three prices ($0.00, $0.01, $0.05) and were imputed as the number of drinks purchased at the next highest price (when the missing response was to the first price) or at the average of the prices before and after the missing response (when the missing response was to the second or third price). Defining outliers as Z > 4.00, one participant's responses to the alcohol purchase task were entirely outliers and this individual was excluded from further analysis. In addition, another participant exhibited invariant low responding, reporting no preferences for alcohol at any price (including $.00) and preventing calculation of several demand indices. This participant was also excluded from further analysis. No other outliers were identified for price responses to the alcohol purchase task, but three outliers were detected for O max , four outliers were detected for breakpoint, and three outliers were detected for elasticity. These outliers were recoded as the next highest nonoutlying value to retain the data and reflect the position of the response, but also minimize excessive leverage (Tabachnick & Fidell, 2006) . Examination of histograms suggested that the demand variable distributions were adequate.
The behavioral economic indices were primarily generated using an observed-values approach (Murphy & MacKillop, 2006) . Specifically, intensity was defined as consumption at the price of $.00; O max was defined as the maximum amount of money expended on alcohol at any price; breakpoint was defined as the first price where consumption was reduced to 0. In addition, using nonlinear regression, elasticity was generated as the a parameter in the exponential demand equation, log 10 Q ¼ log 10 Q 0 þ k(e −aQ0C − 1), derived by Hursh & Silberberg (2008) . In this equation, Q ¼ consumption at a given price; Q 0 ¼ maximum consumption (consumption at $.00); k ¼ a constant that denotes the range of consumption values in log 10 across individuals, in this case 3; C ¼ price; and a ¼ the derived elasticity parameter. The primary analyses focused on the demand indices, which were compared across each condition (neutral induction/stress induction) using one-way repeated measures analyses of variance (ANOVAs). For descriptive purposes, estimated alcohol consumption at each price was examined using the same approach. Of note, no participants reported drinking above the twelfth price ($70) and no analysis was conducted on these prices. To examine the overlap between demand and subjective craving and mood, Pearson's product-moment correlations (r) were conducted on performance after each induction. Moderating analyses for income were conducted where correlations were observed between income and demand indices. Moderating analyses by genotype comprised 3 (CRH-BP genotype) x 2 (neutral induction/stress induction) mixed ANOVAs.
Results

Stress Effects on Behavioral Economic Indices of Alcohol Motivation
One-way repeated measures ANOVAs revealed that intensity, O max , and breakpoint were significantly higher following stress induction compared to neutral induction, reflecting higher motivation for alcohol in each case. Similarly, elasticity of demand for alcohol was significantly lower following stress induction than following neutral induction, reflecting diminished price sensitivity. These effects are presented in Table 1 . Price-level ANOVAs revealed significantly higher demand at the first 10 prices, $0/drink to $11/drink, and are depicted in Figure 1 . Illustrative individuallevel data are presented in Figure 2 
Relationship between Indices of Alcohol Demand, Subjective Craving, and Mood
Pearson product-moment correlations were conducted between indices of demand and selfreported craving (Table 2) . Correlations between demand indices and craving were generally small in magnitude, with only intensity and craving following neutral induction reaching significance ($5% of variance shared). Additionally, correlations were conducted between the demand indices and self-reported stress and negative mood. Here, the only significant relationships observed were between stress and depression ($31% of variance shared) and between depression and craving ($22% of variance shared), both selectively following the stress induction. No significant associations were present between the demand indices and subjective mood.
Moderators of Stress Effects on Alcohol Demand: Income and CRH-BP Genotype
Pearson product-moment correlations were completed examining the relationship between alcohol consumption/demand and income (Table 2). This indicated a significant relationship between income and O max ($9% of variance accounted for) following the stress induction. Because of the bimodal distribution of this sample (87.5% of participants reporting income in the two highest or two lowest brackets), we dichotomized participants into lower or higher income groups. We then performed a 2 (lower income/higher income) x 2 (neutral induction/stress induction) mixed ANOVA for O max which revealed a significant interaction [F(1,60) ¼ 4.602; p ¼ .03, 
Discussion
This study sought to use behavioral economics to improve the understanding of the effects of stress on acute motivation to use alcohol. Consistent with our predictions, demand for alcohol was significantly greater following stressful induction compared to a neutral induction. Specifically, this study suggests that stress increases the reinforcing value of alcohol on key facets of the demand curve, including its initial intercept (intensity), maximum expenditure (O max ), maximum acceptable price (breakpoint), and overall price sensitivity (elasticity). In other words, after the stress induction, participants wanted to drink more alcohol at no cost, they were willing to spend more total money on alcohol, they were willing to drink to higher prices, and they were generally less affected by the price of alcohol. The results provide further evidence that perceived reinforcing value is state-dependent and that it can be affected by stressful events occurring in the life of an individual. Phasic shifts in reinforcing value of drugs to the individual are thought to underlie the preference reversals that are common in alcohol use disorders, such as decisions to keep drinking beyond a selfimposed limit or to return to drinking following treatment. These results demonstrate the change in reinforcing value that putatively underlies such dynamic inconsistency.
Notably, the traditional motivational measure of subjective craving was only modestly correlated with demand, which corresponds with the existing literature showing that behavioral economic indices do not appear to be redundant with craving MacKillop et al., 2010 MacKillop et al., , 2012 . Similarly, the indices of demand were not significantly correlated with self-reported emotional state following either induction. In general, the current findings suggest that the perceived reinforcing value of alcohol is generally distinct from experiential states. If additional research supports the current findings, adding behavioral economic indices may help to clarify the ambiguity that exists regarding the causal effects of stress on motivation for alcohol (e.g., Cooney et al., 1997; Fox et al., 2007; Jansma et al., 2000; Pratt & Davidson, 2009; Rubonis et al., 1994; Sinha, 2009; Thomas, Bacon, et al., 2011; . Specifically, it is possible that stress effects on behavioral economic indices of motivation may be more reliably observed compared to subjective craving. Additionally, it is possible that behavioral economic indices may have clinical applications. For example, indices of demand may complement subjective craving in predicting posttreatment relapse (Higley et al., 2011) or contribute to understanding the mechanisms of candidate pharmacotherapies that influence dysregulation of stress systems (e.g. Higley, Koob, & Mason, 2012) . These are necessarily open empirical questions.
We explored two potential moderators in the current study, participant income and CRH-BP genotype. With regard to income, this study provides evidence that income may influence the effects of stress on aspects of demand, in this case O max . Higher-income individuals appeared to be more sensitive to stress effects, as O max differentially increased in those individuals. O max is the index reflecting total allocation of money to spend on alcohol, so it is certainly plausible that it might be affected by an individual's current financial situation. To our knowledge, this is a novel finding and it makes the point that consideration of personal resources is important when using behavioral economic variables that are necessarily contextualized within an individual's personal resources. With regard to genotype, our hypothesis that demand indices would be moderated by the CRH-BP rs10055255 genotype was partially confirmed, as this gene showed significant moderation effects on O max . The finding that the CRH-BP rs10055255 gene moderates the effects of stress on some, but not all, aspects of demand further demonstrates how the indices of demand reported each reveal different aspects of motivation. As the effect was significant for O max and nonsignificant for intensity, breakpoint, and elasticity, it seems that this gene may be a moderator for maximum financial expenditure rather than the consumption intercept or measures of price sensitivity. Because this is the first study investigating the effects of this genetic locus on the reinforcing value of alcohol, further research is needed to verify that this is a consistent effect. Nonetheless, existing research suggests that this gene modulates the effectiveness of stress at inducing drug use (Wang et al., 2005 (Wang et al., , 2007 , making it highly plausible as a modulator of the impact of stress on motivation. This study thus provides a starting point for clarifying ways that this genotype, and almost certainly others, influence stress effects on alcohol-related decision making.
There are several limitations of the current study that are worth noting. The sample was modest in size and a larger sample may have brought some of the findings into sharper relief. In particular, a larger sample may reveal significant moderating effects of CRH-BP genotype on intensity and elasticity, which were directionally consistent with the effect on O max . Replicating these findings in a larger sample will be important to confirm they are robust and would appear to be generally feasible in light of the small-to-medium magnitude effects detected (h 2 p ¼ .143 to .228 for main effects and .071 to .121 for interactions). Another consideration is that the APT used estimated preferences for alcohol consumption, rather than consequated preferences that would directly result in an alcohol or monetary outcome. However, there is evidence that behavioral economic decision making is generally consistent between hypothetical-and actualoutcome versions of measures (e.g., Irwin, McClelland, & Schulze, 1992; Johnson & Bickel, 2002; Lagorio & Madden, 2005; Madden, Begotka, Raiff, & Kastern, 2003; Madden et al., 2004) , which mitigates this concern somewhat. Finally, although a strength of the study was employing an extensively validated stress manipulation (Sinha, 2001 (Sinha, , 2009 (Sinha, , 2013 , it did not employ biological or psychophysiological methods to assess stress, such as cortisol, heart rate, or skin conductance. It would be of considerable interest in future work to contextualize stress effects on behavioral economic indices with biological indices of stress reactivity and, further, to explore mediating or moderating roles between biomarker indices and behavioral economic indices. Another potential extension of this line of research would be to further investigate the neural correlates of the effects of stress on craving and reinforcing value using neuroimaging methods. This would allow further clarification of potential differences in the effects of stress on subjective desire and the reinforcing value of alcohol.
Acknowledging these limitations, the current study nonetheless demonstrates several novel findings, including evidence that an imaginal stress induction acutely increases the perceived reinforcing value of alcohol according to multiple demand indices; that this effect is generally distinct from effects on subjective craving; and that income and CRH-BP genotype play important moderating roles. Taken together, these findings provide further support for the utility of behavioral economics in measuring acute motivation for alcohol and other drugs and suggest several new avenues for future research.
